Introduction
The Welsh economy, like that of most other nations, is undergoing a period of rapid transformation, with digital technologies playing an increasingly central role in both business and society. This is fundamentally affecting the ways in which businesses are operating, opening up the potential for improved business processes, new products and services, and access to new markets. Such technologies do not, however, affect all firms and geographical areas equally. The main evidence on broadband use comes from national and international research. This reports that a growing number of businesses in the UK have internet connections and are increasingly making use of ecommerce (ONS, 2016) . Although IT-intensive businesses such as software companies, IT and business services, film and media are generally at the forefront of adopting and using the digital technologies that are enabled by broadband, such technologies are potentially relevant to all sectors and different business activities (Malecki and Moriset, 2008 ). Yet despite the importance of these trends to businesses, surprisingly little is known about how they use it, and how it impacts on the wider Welsh economy.
To address the deficit in evidence on broadband impacts the Welsh Economy Research Unit (WERU) at Cardiff Business School is collaborating with the Welsh Government on a five-year project to conduct research on business use and exploitation of superfast broadband. This paper summarises the research programme and outlines the research progress to date. The paper is structured as follows. Section 2 explores the context for broadband and digital technology use in Wales, including the diffusion of broadband and the role of policies. This is followed by an overview of the research programme and framework adopted to measure impacts. The paper concludes by examining the next steps for the research.
The context for broadband in Wales: infrastructure, business adoption and public policy Broadband adoption and use has become a high priority in Wales, and reflected in Welsh Government strategies such as Digital Wales (Welsh Government, 2010) . Within this context broadband has the potential to contribute towards increasing productivity in Wales by supporting SMEs to innovate and lever greater productivity gains. Broadband is also linked to societal benefits, as reflected in the recent moves at the UK level to establish a Universal Service Obligation for broadband access, set at 10 megabits per second (Mbps) by 2020 (Ofcom, 2016a A framework for assessing broadband adoption, use and impacts on the Welsh economy The broad framework adopted for researching impacts is set out in Figure 2 . This framework has been developed from a review of existing studies on ICT impacts research and firm capacities, and is intended to reflect the development of digital maturity through broadband adoption, SME IT resources and usage of digital resources, and the subsequent firm performance and regional economic impacts. Several data collection methods are being used, including the Digital Maturity Survey and case studies. Similarly, the analysis will also draw on quantitative and qualitative techniques. This research framework is likely to evolve over the course of the research as results become available.
The initial broadband adoption decision represents an important stage for any firm wishing to exploit digital technologies. This is related to firms' ability to access superfast broadband, and requires there to be appropriate provision within a geographical area, at an affordable level (OECD, 2017) . These factors can also shape a SME's location decisions, particularly where access, speed and services vary across geographical space (Grubesic and Mack, 2015) .
Previous research (Martin and Matlay, 2001) (Bharadwaj, 2000) .
IT staff capability refers to the knowledge and skills of staff within a firm, and their ability to use and exploit digital technologies. The potential for firms to absorb new IT is dependent on prior experience and 'comfort' in using such technologies. While this capability may be linked to the presence of skilled IT staff (Ross et al., 1996) , it is also embedded within the awareness and skills of the wider employee base. Indeed, in small SMEs this competency may be associated with a small number of individuals or the SME's owner.
The exploitation of broadband is based not only on SMEs adopting new technologies, but making use of them in their business processes. The scope of digital technologies in use has been a significant growth area in recent years, with the digital maturity of SMEs illustrated by the growing adoption of superfast broadband, and enabled technologies such as cloud computing (OECD, 2017).
ICT
and broadband represent important enabling technologies. In this respect, they have the potential to impact on business performance across a range of sectors and uses. These impacts have been studied in relation to profit, cost reduction, sales and productivity growth. They have also been identified in areas such as organisational capabilities and innovation (Gray, 2006) , including new and improved products, processes and services (Zammuto et al., 2007) , and new forms of communication with suppliers and partners (Corso et al., 2003) .
There are a range of ways in which superfast broadband adoption and exploitation may be assumed to lead to business changes and hence regional economic impacts. The research will use a range of techniques to estimate some of these impacts.
These include Input-Output analysis, which has the potential to provide detailed industry level estimates of the direct, indirect and induced-income impacts related to superfast broadband adoption and exploitation. The indirect and induced-income effects are related to supply chain impacts and to wage spending in an economy that arises from employees' income. This element of the research builds on WERU's long history of constructing the Input-Output tables which are used in the analysis (See, for example, Jones, 2001; Pinto and Jones, 2012; Bryan et al., 2015) .
Other techniques such as frontier analysis (business efficiency) are also being explored.
Economic impacts will be reported in terms of gross value-added (GVA), employment and business efficiency.
Emerging outputs from the research
In the early stages of research a number of outputs have been produced. These are: (Henderson, 2017) and Business models (Norris, 2017 Space does not allow for the full exploration of these results, however all of these are available at the project website -http://www.cardiff.ac.uk/supe rfast-broadband-project. In the remaining years of the research programme the research team will be working to develop a longitudinal understanding of digital maturity, firm and regional economic impacts from superfast broadband.
An overview of key findings can be found in the digital dashboard (see Figure 3 ). This represents a policy output, and aims is to represent a snapshot overview of digital maturity for the sample of respondents in 2016, which will be monitored over time, whilst also providing some summary information from other (secondary) sources.
The first dashboard (2016) presents a static picture of digital maturity and business performance. In the coming years this dashboard will updated to show change data, as well as a greater number of comparisons against other regions. 
Conclusions
The shift towards digital technologies, and the associated development of high speed broadband infrastructure is one that is helping to transform economies and wider societies. Such developments are of particular importance to Wales given its comparatively weak levels of GVA (in relation to the rest of the UK and Europe). While there is still some way to go to achieving complete coverage of fixed and mobile broadband infrastructure the growing policy focus on broadband and its exploitation is now well established in Wales. This roll-out of superfast broadband is helping to address economic growth and is of increasing importance to research. The research programme has made a start in collecting detailed data on Wales. The next steps of the research programme will be to refine the research instruments, and work to secure more data relating to SMEs' use of superfast broadband, with the aim of providing further policy relevant data and research outputs.
